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Specifications 

1 . Title of the Invention: Gas Control Device For Laser Oscillator 

2. Scope of the Patent's Claims 

A laser oscillator gas control device, characterized by the fact that a gas laser oscillator in 
which a discharge is induced by applying a high voltage between electrodes deployed opposite 
each other ,s equipped with a discharge detection means which detects the discharge state when 
a discharge occurs between said electrodes; 

a pressure detection means which detects the pressure in the internal part in order to 
maintain a constant internal pressure in said gas laser oscillator device; 

a gas injection means which injects laser gas into said laser oscillation device 
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and with control means which controls the amount of the laser gas injected by said gas 
injecting means in accordance with the discharge status detected with said discharge status 
detecting means. 

3. Detailed Explanation of the Invention 
(Sphere of Industrial Use) 

This invention relates to a gas control device of a laser oscillator. 
(Prior Art) 

Carbon dioxide laser oscillators generally use C0 2 when C0 2 is processed in a laser gas 
dunng the laser oscillation stage so that the gas is separated into CO and 0 2 . This reduces the 
laser output because the concentration of C0 2 is reduced. 

In addition, because the amount of CO and C0 2 is increased by this decomposition this 
can also cause an unstable discharge of the energy applied to the laser gas. Accordingly, it is 
absolutely necessary that the laser gas be replaced because it is very difficult to maintain stable 
characteristics and a high output of the optical output when the same laser gas is used over a lone 
period of time. 

That is why according to prior art methods, laser gas was injected under hermetically 
sealed conditions prior to the laser oscillations and new laser gas was supplied after the power 
has deteriorated and the gas was discharged according to one method, or charging with the laser 
gas was conducted again prior to laser oscillations and additional gas was supplied as a new 
mixed gas during the laser oscillation stage to maintain a constant amount at all times according 
to another method. 

(Problem To Be Solved By This Invention) 

Incidentally, according to the former of the above described conventional methods as 
shown in Figure 3 (A) and (B), there is a big difference between the concentration of C0 2 'and 
the optical output before and after replacement. 

[page 2] 

Another problem is that it is not possible to obtain a stable high output when optical 
output is normally reduced after a period of time. 

In addition, when the latter method is compared to the former method, this method 
naturally makes it possible to exercise control enabling to maintain a constant gas pressure inside 
the laser oscillator when new mixed gas is normally supplied also during the course of laser 
oscillations, and it is also possible to obtain a stabilized high output because deteriorated gas 
contained CO and 0 2 generated by dissociation can be discharged. However, because of that the 
amount of new gas that is injected during the course of laser oscillations is high as a percentage 
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of the gas amount contained in the laser oscillator, and if the amount of the new gas to be 
injected is too small, the result will be eventually identical to the result that is obtained with the 
former method. 

Therefore, because the running cost is higher when large amounts of new mixed gas are 
required at all times for injection during the course of laser oscillations, the reality is that only a 
quite small amount of new mixed gas is available at all times as a constant injection amount for 
the gas amount that is in fact injected inside the laser oscillator. 

In order to resolve the above mentioned problem areas, the purpose of this invention is to 
provide a gas control device of a laser oscillator enabling to achieve a stable discharge and a high 
output for a long period of time with a small amount of new mixed gas to be injected during the 
course of laser oscillations. 

(Construction of the Invention) 

In order to attain the above described objective, this invention uses a construction of a gas 
control device of a laser oscillator, 

equipped with a discharge status detection means detecting the discharge status of a 
discharge between electrodes in a gas laser oscillator, when discharging is induced with a high 
voltage between opposite electrodes; 

a pressure detection means detecting internal pressure in order to maintain a constant 
internal pressure in said gas laser oscillator; 

a gas injection means injecting laser gas inside said laser oscillator; 

and a control means controlling the laser gas injection amount obtained from said gas 
injection means according to the discharge status detected by said discharge detection means. 

(Operation) 

When the laser oscillator gas control device of this invention is employed, discharging 
can be conducted by applying a high voltage between opposite electrodes in a laser oscillator. 
The internal pressure in this laser oscillator is detected with the pressure detection means, 
enabling to create a constant pressure, while at the same time, the discharge status inside the 
laser oscillator is detected with the discharge status detection means. This makes it possible to 
control with the control means the gas injection amount of the gas that is injected inside the laser 
oscillator from the gas injection means according to the detected discharge status. 

Also, a stabilized high optical output is obtained from the laser oscillator, while at the 
same time, if a low optical output is required, the amount of laser gas that is newly injected is 
reduced. 



(Embodiment) 



The following is a detailed explanation of an embodiment of this invention based on the 
enclosed figures. 

As shown in the reference provided in Figure 1, anode 5 and cathode 7 are arranged 
opposite each other in electric discharge container 3 of a laser oscillator 1. A high- voltage source 
9 is connected to this anode 5 and cathode 7. At the same time, a current detection means 1 1, for 
instance an ampere meter, is connected as a discharge status means to this high-voltage source 9 
and to said cathode 7. 

Pressure detection means 1 3, for instance a pressure sensor, etc., detecting the pressure 
inside discharge container 3, is connected to said discharge container 3. Also, valve 17 is 
connected as a gas injection means for injection of laser gas via pipe 19. Laser supply device 21 
is also connected by pipe 23 to valve 17. 

A control means 25, for instance a personal computer, etc., is connected to said electric 
current detection means 1 1 and said valve 1 7. 

When valve 23 is opened with a command obtained from control means 25 with the 
above described configuration, laser gas will be injected into pipe 23 deployed in laser gas 
supply device 21, and it will be supplied via valve 17 and pipe 19 so that it is hermetically sealed 
inside discharge container 3. After that, valve 23 is closed when the inner part of discharge 
container 3 has been filled. 
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When high- voltage power source 9 is ON during this status and voltage is applied 
between anode 7 and cathode 9 [sic] which are mounted opposite each other inside discharge 
container 3, a discharge is created between anode 7 and cathode 9 [sic], enabling for instance to 
output laser beams oriented for laser processing operations. 

Because the pressure inside discharge container 3 will be detected by pressure detection 
means 13 during the period when a discharge is generated inside said discharge container 3, 
monitoring can be conducted in order to maintain a constant pressure at all times. Moreover, the 
discharge current flowing during the discharge period in discharge container 3 is detected with 
current detection means 13, and a detection signal is sent at the same time in accordance with the 
detected value of this current to control means 25. This makes it possible to monitor the 
discharge status inside discharge container 3 with this control means 25. 

As shown in Figure 2 which explains dissociation of C0 2 in the laser gas from the 
viewpoint of the progress of operations when a high discharge current is applied, control is 
exercised with control means 23 so that the higher the discharge current, the higher the amount 
of injected new laser gas. 

Accordingly, based on the value of the electric current which flows as discharge current 
that is supplied to control means 23, when a high optical output is obtained as one can see from 



the relationship indicated in Figure 2, valve 17 is opened with a command received from control 
means 25, and when a low optical output is obtained, control is exercised in order to inject a 
small amount of gas to discharge container 3. Therefore, a stabilized high optical output is 
obtained and at the same time, a small amount of new laser gas can be injected when a low 
optical power output is required. 

In addition, this invention is not limited only to the above described embodiment since 
suitable modifications can be also realized in order to obtain other embodiments of this 
invention. For example, although the explanation of the embodiment used a current detection 
means 1 1 as a means detecting the discharge status, this invention is also compatible with a 
detection detecting the discharge current or optical output. 

(Effect of the Invention) 

As was explained above in an embodiment of this invention, this invention makes it 
possible to conduct a discharge by applying a high voltage between electrodes arranged opposite 
each other in a laser oscillator. The voltage inside this laser oscillator is detected with a voltage 
detection means in order to create a constant status. At the same time, the discharge status inside 
the laser oscillator is detected with a discharge status detection means. The gas injection amount 
of the gas injected inside the laser oscillator by a gas injection means can thus be controlled 
according to this detected discharge status. 

Therefore, this enables to obtain a stabilized high optical output from a laser oscillator, 
while at the same time, the amount of newly injected laser gas can be reduced when this is 
required with a low optical output. 

4. Brief Description of Figures 

Figure 1 is a block diagram explaining the construction of a gas control device for a laser 
oscillator according to an embodiment of this invention, Figure 2 is a relationship diagram 
indicating the relationship between the amount of injected gas and the electric discharge current 
when the gas injection amount is controlled with a control means, Figures 3 (A) and (B) are 
relationship diagrams indicating the relationship between the optical output and concentration of 
C0 2 when is exchanged in laser gas according to prior art. 

I ... laser oscillator, 

3 ... discharge container, 

5 ... anode, 

7 ... cathode, 

9 ... high voltage source, 

II ... electric current detection means (discharge status detection means), 
13 ... pressure detection means, 

17 ... gas injection means, 

25 ... control means. 



Representative: Hidekazu Miko, patent attorney. 



Figure 1 
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9 high voltage source 
1 1 current detection means 
1 3 voltage detection means 
17 valve 

2 1 laser gas supplying apparatus 
25 control means 
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